We develop a simple general equilibrium model in the style of Harberger to analyze the distributional effects of the proposed "environment tax" on carbon in Japan. We derive closed-form equations that show how a change in the tax rate affects the economy-wide return to capital, wage, and output prices. The two main features of the economy that determine the sources-side incidence of the tax are the factor intensities of the polluting and nonpolluting industries and the elasticity of substitution in production between polluting inputs and labor or capital. The input that is a better substitute for pollution usually bears a lower burden of the tax than the other input, although we find conditions under which this is not true. If the polluting sector is relatively capital intensive, then capital can bear a higher burden of the tax. Calibrating this model to the Japanese economy, we find a trade-off between these two effects. Polluting industries are more capital intensive, but capital is likely to be a better substitute for pollution than is labor.
Introduction
Much debate surrounds the proposed introduction in Japan of an "environmental tax" on carbon emissions. A great deal of this debate centers on the question of who will ultimately have to pay the costs of the tax and who will reap the benefits. While estimates indicate that the average family will have to pay about 3000 Japanese Yen (about $30 US) per year due to the tax, some families will bear a higher burden than others. A careful analysis of the proposed policy must contain a discussion of the incidence of the tax. While the tax may be successful at its primary goal of helping Japan meet its obligations under the 1997 Kyoto Protocols, it may carry some unintended and unwanted distributional side effects. If the tax is too regressive, it may not be the most preferred policy choice to reach the desired reduction in carbon emissions. Indeed, one of the four long-term objectives of Japan's 1994 Basic Environmental Plan is to ensure that all parties share the burden of environmental policy fairly.
Many articles focus on tax incidence, using both analytical models and numerical simulations. We use as our starting point the quintessential analytical model of the general equilibrium incidence of a tax on capital, the Harberger model (Harberger 1962) . It provides a simple two-sector, two-input model that can be linearized and solved to see how a tax on one factor in one sector affects the prices of both factors in both sectors. The change in the prices of labor and capital shows how owners of those two factors are burdened by the tax as it passes through the economy via general equilibrium effects. The Harberger model is simple, which can be both an advantage and a liability. It is easy to see how the results are affected by certain parameters, such as factor intensities and substitution elasticities. However, a large number of simplifying assumptions are employed, and one should use caution in interpreting any numerical estimates derived from the model.
In this article, we solve for the incidence of the proposed Japanese environment tax by applying an extension of the Harberger model. This extension has previously been used to analyze a broad range of environmental taxes and other policies in the United States (Fullerton and Heutel 2005, 2007) . We find explicit analytical expressions for the changes in the wage rate and the capital rental rate due to the tax. These expressions show how economic parameters determine the distribution of the burden of the tax. Then, we use the model to generate numerical estimates of the size of these price changes. By using a range of reasonable parameter values, we can see the sensitivity of these estimates to the assumptions in the model.
Many studies investigate environmental taxation, but the main focus is usually on efficiency, for example, solving for the optimal pollution tax or determining how pollution taxes affect labor supply. Fewer studies have considered the distributional effects of taxes, and most of those use a partial equilibrium model or a computable general equilibrium (CGE) model. Robison (1985) solves for the effect of policy on output prices; West and Williams (2004) empirically estimate the distribution of the burden of a gasoline tax; and Metcalf (1999) studies how the return of tax revenue affects the regressivity of a tax. Unlike those articles, ours contains a simple and interpretable analytical general equilibrium model that can provide intuition for results reached by more complex models.
Our main analytical results concern how factor intensities and substitution elasticities affect the incidence of the tax. Intuitively, we expect that if the taxed sector (the "dirty" sector) is capital intensive, then a pollution tax would hurt capital more than labor. We find that this outcome is likely, but we give a condition under which it does not hold. Likewise, intuition suggests that the factor that is a better substitute for pollution is hurt less than the other factor, but we find a condition under which this intuition fails as well. Applying reasonable parameter values to the model, we find a trade-off between these two effects on the burden of the environment tax in Japan. The heaviest emitting industries are capital intensive, but capital is likely to be a better substitute for emissions than labor.
Section 2 briefly discusses the history of Japanese environmental policy and the environment tax. In Sect. 3, we present the model and summarize some
